Robust synaptic plasticity of striatal cells following partial deafferentation.
Partial ablation of the cerebral cortical input to the neostriatum generates a rapid lasting effect on the size of remaining synaptic sites. The neocortex was lesioned in adult rats and the neostriatum was analyzed for effects on remaining spines of principal cells during the period from 2 to 40 days. There was an increase in the size of spine heads, boutons and synaptic contact sites. The spine heads became very complex and a corresponding bouton enlargement was accompanied by an increase in the number of synaptic vesicles. By two days, the average profile length of postsynaptic membrane densities (PSDs) had increased by 25% representing an equivalent 50% increase in synaptic contact area. The number of synaptic sites was reduced on each principal neuron of the lesioned group. Comparison of the number of sites per unit volume to their average contact area revealed a reciprocal relationship indicating a conservation in the total synaptic contact area on each neuron. This effect was consistent for all postsurgical days. The lack of a significant return of synaptic number by 40 days indicates that axonal sprouting is not a major factor in neuronal plasticity in the adult striatum. The rapid increase in the size of spines, boutons and synaptic sites at remaining connections suggests that dendrites are the first to initiate the plasticity response in adult neurons through postsynaptic attachments and their corresponding receptor structure. The underlying mechanism of this plasticity may be through a conservation of macromolecules forming postsynaptic membrane specializations on target neurons. Remaining axons appear to follow the dendritic response with a plasticity generating presynaptic appositional specializations to match the contact area of the postsynaptic site.